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ABSTRACT : PROBLEM TO BE SOLVED: To provide a lithium secondary battery with excellent battery 
cycle characteristics, and battery characteristics such as capacitance and charge 
preservation characteristics which can restrain swelling of a battery when used at 
high-temperature. 

SOLUTION: Electrolyte salt is lithium salt containing fluorine atom, and nonaqueous 
solvent contains cyclic carbonate and/or cyclic ester and at least one kind of alkyne 
derivatives such as divinyl sulfone or methanesulfonate-2- propynyl, and tertiary 
carboxylate as expressed in formula (V) is contained in the nonaqueous solvent by 0.1 to 
10 weight percent. In the formula, RA, RB, RC denote each independently a methyl group, 
an ethyl group, a propyl group, and a butyl group, and RD denotes a hydrocarbon group 
with the carbon number of 1 to 20. 
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A^/l^— CR e -R 7 =y70^ry/t/ 
nl^tl)-4t'iW^. Y* = -COR6±S 



J-tf/4fcttY e - = -COR7<9*£. 2~7»—l , 
4- l J*—)V h CR e = R 7 =^f-/^> n 

ii^T 1 ) v 2 - 7» - 1 , 4 - i^t-* i-"7°n t° 
CR 8 '=R 7 =xf-^Hi, nii^TlD, 2-7' 
^> — 1.4- ^ y^yy'x- h CR 6 = R 7 = 
7x-/ll, nii^T 1 ) . , 4 -it* 

V'y y ^^^^7 V A tV ^ y- h C R 6 .= R 7 = 
^^D^>-;t,S, nii^Tl ) ^tWff^S. Y 

2 = _ S Q 2 R 6 ^ j- fc{4 Y 3 = - g0 „R7 «if^ % 

2-7>>-l, 4-> ; 3i--^ v^^>X.^*-b 

1. 4~-v*~-iV : JTv3^yxfVt^~h CR 6 = R 7 
= 7"QbV^ nii^TlK 2-7'^>-l, 4-^ 
^•-^ y-p-f^-xyx;!/*^-h CR 6 = R 7 ==p 
-■hU/ta. n!i^tn . 2-^f-y-l, 4-^ 

yy?n^t>XMVh ( PJ- = W — is? 

[ o o 3 o 3 $ ^tc. fria-ft^ (in ■e*$*i*r 
fr*>mH*&mmtix. mm. y*=-coo 

2. 5-^- :- ^f-^s;*-#*-K.CR'=R s 

= ^<^S. R =R 7 =?K^{fi i , R18-RI0=j«f.^ 

■f-ZUx^-^-h CR«=R6 = ^^/VS, R5 = R7 = 
.tK^®^, Ris=R20= x ^-/t,S. n = l) . 2, 5- 
y7f^-3-^yy-2, 5-i<**— >P 
Vt}-if^~Y [R^R5 = R6 = R 7 =^^/^ Ri9 
= R 2 »==>f^/j^, n = l], 2, 5-^^-3- 
^y-y-2, 5-i>*-)V >'Xf/iy*-*'^f 
f R4 = rs = rb = R 7 = ^f-/PS. R 1 9 = R 2 » =Xf-;P 

n= 1 ] *Zim\-ft>1xh. Y' = -COR'«teJ: 
^ Y 3 = ~COR28^ 3-^^>-2, 5-^* 

?r-^ y ? r-t^-^ cr 4 = r 6 =^^-s, r 5 =r 7 

=t|«?. R 19 = R 2 o=^^;^, n-1 ') v 3-^ 
^v> -2, 5->-tT-^ >/'7ae^*- h CR 4 = 
R6-^f-.;l-S, R& = R 7 =7fc#^ Ri9 = Rio=x 
d = 1), 2, 5-^^— 3-^>'>- 
2, 3-v*~)V isT-tr-h CR* = R 5 =R 6 = R 7 
=^7^/1^, Ris = R29=^^;vS. n=l], 2, 5 
~ ; J^i-fl-3-^>y-2, S-z/X—iV y'7n 
tf^-^-h CR 4 =R 5 =R 6 =R 7 =^^^, R 19 = R 
so =x^;i,-a, n = 1 ) QZ&mf^tlt . Y* = - S 
0 2 R» 3 ±5 il/ Y 3 = - S 0 2 R 2 » . 3-^y>' 

-2,5- ^ ^ yxn-fc*- b C R 4 = R 6 

R 5 = R 7 =*SlS^s R 19 = R 25 -.^^ 
n=n, 3-^v*y-y-2, ^'X 
^>X;l/*^-h CR* = R 6 = ^«f-A«. RS==R 7 =* 
*E^, R 19 -R 2 o=x^$^ 11 = 1], 2, 5-v 
^^-3-^y->'-2, 5->^-/t- i?*fyx 
)Vfc*~V CR 4 =R 5 = R 6 = R ? =^^*. R !9 = R 
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i o = * -h>m, n = l) 1 2 , 5 - j/X 3 -^f 
^> -2, 5 - ; J$-tV >-3L9>X!lt^-h CR" 
= R5 = R 6 = R 7 Ri s = R* o =xiM,*, 

n = i 3 £Hj&W£*is. fc*£U *3WWi;ii^ 

[0031] Mia-^ (III) fa§i'L^T;L^>- 
IIS fcOflftf^ LT, mt'd. Y*=-COOR"*5 
£lA's=.-COOR»0)i§&. 2, 4— y^-fra^f > 
~1, 6-^-;t- i^t-M^tf— h CR 8 = 

n = 1 K 2 , 4 -^-tf-v-f y- 1 , 6 - 
y'Xf^y*-^*- M R 8 = R* = R 1 • = R" 1 = ** 
MT, R^R^-Xf-A*, n = lK 2, 

3, 5-*7? *M ■> - 2 , 7- ^-Ai/^ f- 
A**;* - h . C R 8 = R 9 = R 1 s =R» 1 =* ^>im. 
R !l = B"=>f-A4t, n=l], 2. 7->'*^A— 
3, 5-^^^y-2. 7-^-^yXf;l/^ 
CR 8 = R 9 = R 1 » = R 11 =^^l-S. R 21 = 
R" = X*A-3k :n = 1 ] %z&mf$>ti&. v*=- 

COR 23 feJ;(^Y5 = -COR22iO^A. s 2, 
<t*My.-X, &- l M~)V y'rtf-h CR 8 =R 9 
= ris = rii = ^ M ^ v R«=R"=jCrf7U*. n = 
1) , 2,4 -'VH^M > — 1 , 6 ^'7° 
DW*-'h CR s = R9 = R'« = R"=7fc*^. R 3] 
= R«-X*/l*. n=lK 2. 7-^^/1—3, 
5 7 9 > 2 , 7 - S/tf-Jl' > : "T-b r- h 

CR8*R»«Rl"> = Rtl=^f-;Hi. R21=R22 = ;*^ 

/HS. 11 = 1 D ; 2. 7-^*^-3. 5-*?*s> 
A > — 2 , 7 - >-'*-A y'7D b C R 3 = R 9 

^Rio^Rii^^^;^ R«=R«=X?-A4. n = 
1 ) &£Wtf£.ii&. Y 4 = -so 2 R Z! iDil^Y 6 = 
-S0 2 R"<D«^. 2, 4-^^v^y-l, 6- 

".^SHFP. R»=R"=jf*;PaS, n=l), 2, 
4_A s a f .^- i ;^ > ._ 1 6 ^.-^-_ ;1 ,, ^x^y^;!,-* 
^-y (R8 s r9 = riosR"»*WF, R2i = R2£ 
=X^-/|^ n=l] , 2. 7-^^-3, 5-* 

VfisA y-2, i-tt-n iSjtfyxnrtii-h' 

CR 8 = R 9 = R 10 = R 1J R" = R« f- 

n = !3". 2, l->*+>V-3, 5~-X79 l J 
4 l-VX-JV .yi;yxn^|t*-b CR 8 

= RS = Rl 0 = Rl 1 = ^ R21 = RZS = X f-.4 

n= 1 ) *£Zifmft>tih. tot'U *fl B M^i 

[0032] mm-m& n v) T^$iisr^>p 

^ftcofi^Mt LTfi. {SUtf , ^ ( 1 , 1 - : Jjt+fr 
-2-TDKXA) CR^R' 7 "*** 
Ri3=Ri4 = Rl6 = Rl6=^f-^S, n = lK ^' 
(1,1 -=/X^h>l<- 2 -TntfXA ) b 

C Rl i = R17 = *fgjf:f\ R13 =R 1 4 = R15 = RI 6 =1 



^■S. n = 1 ) , V ( 1 , 1 -X^/M f-/l— 2 -r 
Dt^) CR 1£ = R i7 =*«JSl i . R 13 

= Ri5=xf-^S. Ri*-=R 16 =J<^U*. n=lj . 
V ( 1 , 1 -4 y/flWf^-2-Tnt-4) 

h CR 12 = R !7 =*SJI-? - R 1 3 = R 1 E ' = -f V ^ 
^■fl^, R !4 =R 16 = ^^A*. n=lO . i^d. 1 
-^^-A-2-7*^~A) CRi2=R" 

= R13 = R 1 4 =R I6 = R16 = ^^^ > h=lD . 

( 1 -if-il,y ^ o^Jf yn ) h CR U ' = 

R 17 = *«Kf-, Ri s t Ri * ^-&=^>' ^ ^ >■ 

#tf . fzfc I , ; ii 6 wft^-HsCfl ^ IS 

[0033] fffEHRsC ( I ) . (II), (II 

i ) . <iv) ■c*s*i*Tn^f>m»«^)***i±. 

mS^iO** £*t L T 0 . 0 1-20 **% . 0 . 
*y(VS) tf>£#«ti, iSKt^^i:. lKKfS<^>«« 

iMftt*^ ^ii^v -mmommm lto. o 
i -2 oms%. »t o . i-i omM%towmffii&* 

tzm^w±^za^x . i»«is« 

[0034] nffimzwm&tftmztix^hw* 
®izmzixmm-m$ (v)x-&ztit,mm>v 

tfymztXT-MZte^X \ R*. RK R c ti. ^fi^fti 

m.ix a istx+tutrch t . - * tz , r d « 

jjtf-/tS, xf-^S. 7nt";H, 7"f-;US> ^>f-;i- 
a, ^v/l^, ^T^/US, .-t^^AS. y^;P*, 

f■^5TWI-■^, 'O^fH'i, ^ffy^l/l, a. 

1 -2 0<7)T^*A*iSflff* LV. TA4/l« 

yy^A-S. sec-7"f;H, tert-yf/H. 
•-fy^-^^AS. sec-^f/II, 2-Xf-/|^4r" 
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>!im, JVJ-il-M, ^/f^H, ^'M^^fy 

T U — /l-S^y y/i-gft i v ^ 
[00 3 5] miBHfce ( V ) xmfimsmrUtf 

^ CR fl = R B = R c = ^^/m, R D =X^g) . t 
Ayy^rnhVU CR»=R> = R c =^f-^«» R D = n 
-7*otT;Hi] , tVOjygK V7ot;;!/ CR A = R B = 
Rc=^f-;l^S, R»=->f VTPtV^S) , tM'J^jtT' 

^ £ RA = RB = RC R» = n - fi~fl 

S3 s tA 'J yjg sec- 7"iHP C R* - R E = R c 
i-iim^ R D — s e c -7>/l/S) . tf^'J ylH V 7* . 

f\«/ [ RA = RB = RC = ^< f.,^ RD = ^ y -f^fr 

my, &<»>mt e rt-^KR*=R 8 =R c = 

R» = tert-yf;H) . tT^'U^K^ 
7f-;U- tR* = R E =R c =.Xf-/l^ PJ> = n -=t^^-.4- 
I), tA'JVls e c-aT^f-A- CR S -R E = R C = 

x/P CR A = R B = R c =J<f-^». R»=n-7-;l- 

IE) . tVN*»jy^r>;P [RA = Re = RC=^^;l^^ 
Ro = n— fS/zu*) . VXyyM^yrl/iV CR A =R 

>-K HT-'^t/ t RA = RB = RC =^ RD = n - 'K 

f-v/1^13 , e^y^ne-A- cr a =r e =r c =^ 

A^L R°«t*x/u£K tvxyyggrij/KR fl = R B 
=rc=jj{^;!^ s R B =TU/^K tv-oj yI£7*nA 
/l^f /!✓ C R fl = R B = R c = A *>V2k „ R» = W-^/W 
S3 , t^U'y»7xryi- CR A =R B = R c =^f-'W 
i. R D = 7i , W U >^ p - h u ^ c r a - 
RE = rc=^^;^ R» = p->'JA*)', tVs'i;> 
gf t'7 xX/U [ R fl = RB - Rc =*i~lVm. R D = t" 7 x 
-U^) ; tVOJ^O'v'/t- CRS=RB = RC=^C 
R B =/<yi?A^S3 , 2 , 2 ™ is J* *h)V79> 
mX+H- CR ft = R B = R D =;-t^/V£, R c =x^;U 
S3 . 2-xfA-2-^fiWy^f/KR i = 
R» RS = RC=x^S3 , 2, 2-yI 

^7'? yg^/^ C R fl = R B =RC»x-f-/Hfi. R» = 
^f-^-S) , 2. 2-i?4Vjru&VTuKy , jb*+fr 
[R S = R B = i so-7°t3f;^, R C = R»=;<?-/P 

S3 & fc>w^i§ . u» i.^tit, nti&mmA, . 

HBCiSUT. R D t lT!±fM4-l 20T;Mf/lS - 
Ti^tiftL^, 09Sft4-l 2TA4*3ft* 



t, R^mmm-i 2«m)H*«ui. 
[oo36] iwie™*^ ( v ) ?mnm3M%)ix 

v ^mpss+o^^rM** o . i-io mm.% . 
[00373 *%mizmm*mmt ltj±, la*.* 

WK*-**- h i: UT«. 'x^-l/^-df*- h ( E 
O . 7nti/y*-^-f (PC) v y^vyfj- 

h ( B C ) „ h ( VC ) *W 

acjwf^'ii*. >rit^^s^-^-h(i. -as 

Tffiffl LT & Jc < .4 fc±MWXUB»***T«ffl L 
TtJco. e Jfc, S«xxr;ki; LT. r-7fn7^ 
h y (gbl) , r-^D7;hy (gvl) tfftM 

izmft>i\%. mmmvfrz"rMi, -wmx-mix 
4>i<. zti-mm±&*&*>&x®mixi>£*\ 
tx. *&wi2&^x . mm-**- mzmi-z 

ZttfTZ. ZnMfcMklXlt, 

h (DMC) , i?x^;W-iK*-b (DEC) , xf- 

^fW-#^h (EMC) , ^f^7Dt;W- 

Xz—h (mpc) . ^yroe/^^/^-^-h 

( I PMC) „ 7^-/1 (BMC) , 
>f V7^;^^;^-^-h ( I BMC ) s e c - 
7^p(^;V^-^- KSBMCK tert-7 
(TBMC) w 

tzzMmiim^b-zx &mixt>*\,\ 

[0038] *m&&fhW&WZb LTti, 7 -y« 

P Ffi . L i B F 4 , LiAsF f , L i N ( S0 2 C 
F 3 ) L i N (SOjC 2 F 5 ) LiC (S0 2 C 
Fj) s , Li PF 4 (CF 8 ) lt L i PFj (C 
2 F 5 ) 3 .LiPF 3 (CF 3 ) 3 . LiPF 3 ( i so- 
C,F,)3.LiPF,{i8o-C 3 F 7 ) Kt'tmf 

htih , zitiMEmm^ -mmxtm ix t z 
< . rjmvJJ&x&itftx ®mixi>^\ ztihm 
mmmi. mi^mmmizmm o . i - 3 m . #i l 

<{i0. 5-2M<^«irCiSlf$flTfl^lSilS. 

[0039] *mi?)WMmi±, mm, mmm^ 

^y ( v s ) iftiiwie^ ( 1 ) - ( 1 v ) r^*ix 

hTiv*ymm<?y}?t£< tint, mm ( 1 > -c* 

§^m3tS*/^tC>1$xxr^i: &*WL, i*iC«r 
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[ 0 0 4 0 ] iEffi b LXli, 0 *<*A«£BHt5ft£Str 

ut-w-mt*iiz>, mux. wmtm (iEmm»M) t 
ox ? tcMfrmmmt ixa, mm. licoo 

i, L i Mn,0, , L i N i O^^mf^tU 3/^ 
ltW"Co.l-iv 

[004 1 ] iE«<i. fyf£^IEffiWf4£7^U> ^5 

7/ktaxf^> { PTFE ) „ #07 vtt£~0"ry 
(PVDF) , X-f U >fc7^xxy(7)it*^ ( SB 
R 5 „ T7 ijD- F U A i; 7'.? S/X>c0±£fi£* ( N B 
R) , ;&;w#$fS'jrtf-/H=*u— X (CMC) &J:*iDM 

(*c t L "C 057 'W 5 — r > ' V- xM«t§^ 5 7> St 

^fliLT. UlSJimSt. 5 0T>-2 5 0°Cf£jgO 

sure 2 «Bffiaaesrt=inaMW-4 zttMim 
[0042] fittsiwtt'LTtt, 'jf-^As'sa-, m 

«£, ffi=fiB (002) ^OffifiM ( d 002 ) 
0. 3 3 5-0. 34 0nm .<iV*-*) X'hhWMi 

P>^'x>^-df<J-7- (EPDM) , dfU^K97^ 
^-nx^-b> (PTFE) . ^U7'/ftt~y^y (P 
VDF) v XiFP>.h7'^X>^4±*-£# (SB 
R ) , 7? U ax F "J ;L 1 77 rVxy<04±*£#: ( N B 
R) , **htlrtzfifU—X. (CMC) tcb'#M 

[0043] Wl—fblXlt, jK'jTQKPy** 
y xf - w >-% z<o# yffiflfr b%&i£tiX&L ' 



[0044] 

(^sm^inn roh"b>-*-**-b ( po : * 

^/7v/l*>I2-rat^A (MSP) : tAUVH 
CiwfEst ( I )'+, R* = R E = R C = R D = J<^ 
(MMit) -87:3: 1 0i0#7jqf$*PMU 
iftfcL iPP 6 rl M<^aigEt*S «t 3 tig M LTS 

[0045] c u f>Ai;xti£Ofms j: i/mmm 

V-mm LiCoO, (iEffi^K) 5:8 0*4%, r 
-fe^ U >y 5 ~>9 ( ^m^J ) ^ 1 0 S*% .#0 7 -y ft 
t-Uf> Sri 0S*%«»J£T'M£U C 

•fit 1 f'A'- 2 - tn 0 K > i ^ 7 0 -«t3 
LTT;uS®±t^BL^. -f-(7)ft. iflSr«*t, 

9 0SftSo\ dfJ 7 ■yftt'xyTV (M*^J) *r 1 OS 

s%. cofij^'C^t. ciati~^t^-2-tray 
Lfc. |-IT, ?Jf 'J r o tr u >M£flM7 4 )V&ff>±rt 

(tS20mm > fltS 3 . 2mm) ?:#ML?t:, ^^>3 
-fytat«^t,S»(2 0lC)T, 0. 8mA^ 

nmmKx\ m±m&4. 2vtx-5mm^XL. ix 

tO. 8 m A'^^ltT. ^ih«ff 2 . 7 V i TJSc4 
U CO?EM«&a9iIL^. ©JtlHM^fttt. 1M 
L i PF 6 + EC : GBL (fifttb) =50 : 5 0?- 
l;ftf?g (^MiML ) fcLTfflv^ft^- (it«M5) b 

mmmx-fo 9 . 5 0 *m 7Mk^wm^n^,ifz 
b^h, mmmmm: 1 0 0 % t iKtz mmMm 
tmmz 88.5 %x-h ~>tz . ttz. mm-m^n:m 

[0 04 6] ^SPJ2-1 0*?J:^lt«EMl-7 
3 >f y^ift^fm^fp 1 IStfiO J: ') t L fcW>Hi^ 

[0047] 
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«£fT-s;t. f IM L i PF 6 PC/MS 
P = 9 7 / 3 ( Sftit ) cd^B^SH 3 8W/P# ygg 

{CELGARD Inc.S^UTotVyflSi#?U±7^ 
7k£ ; ^if-H#2 5 0 0 (ffil) ) ^Stt^ilil. 
ttfcLTlfffLfc. -&?I$^T2 0St*iO-b/^-^^ 
■&i£tt£&fg?ffifZL)fc t *fiDSS*£«2fciS'*\ H2 
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